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I 11.11 INVhMlt'S 

,0001 ) The present invention rda.es ,o an .» «.« ".e.hod of regenerating 
catalysts used ,n Hydrocarbon Syndics C atalytic UK'S, processes. 
Specficallv. ,he present invention provides a means and process for ,„ «» 
cuOys, regeneration ■„ which no "oo-shc" catalys. achvarron vessel is re^ed 
^ ,„ which rhe caialys, can be activaied ,n a Fischer-Tropsch reactor More 
specifically, rhe present ,nvc„„o., provides a ,„« and process for supposed 
,„.,„e,a,l,c cob... caialys, regeneration without in.em.pUng ,be hydrocarbon 
sy „d,es.s continuous s.uny process How scheme and without me need for any 
additional catalyst activation vessels. 

,,M K..KT. -.Ili" Mil i--i!'-l"'-- 

,00021 The preparation of hydrocarbons from a mixture of hydrogen and 
carbon monoxide a. derated .emperature and pressure in the presence of a 
cataKs, is idened .0 ,n rhe literature as .he Fischer-Tropsch hydrocarbon 
s vnlh es,s tHCSf Depending on rhe catidys, iu,d conditions, the hydrocarbons 

:„av range fr xygenated romp ds s as methano, and higher u,o ec.hu 

weigh, alcohols. ,„ high molecular weigh, paraffins which arc waxy solids a, 
, oom lcm|)cratur . The process also makes, generally in lesser amounts. alKenes. 
<>n!a „,c acids. ketones, aldehydes and esters, fbe symhesrs , conduced m , 
o, Mmdi.cd dales, bed .eacor o, m a three phase shirtv rcaCO, 

,000.,, Hrdioc,,, -cithesis catnlvsts are wdl K n and a typical 1 lschel- 
„ opsd, I, d, o.„ I -> e,^.,uK,».n sample, catalvtic.llr 



eiYccme amounts oi one o, nunc Coup VIII metal catalyue components such u, 
i e \i, C o. Rh. and Ru Preferably the catalyst compr.se> a supported catalyst, 
.he, em the one or more support components of the catalyst will compose an 
inorganic refractor metal oxide. The metal ox.de support component is prcier- 
ably one which is difficult to reduce, such an ox.de of one or more metals ol 
Groups 111. IV. V. VI. and VII 

,0004) Tvptcal support components include one or more of alumina, silica, 
and amorphous and crystalline aluminosil.eates, such as zeolites. Particularly 
preferred support components are the Group IVB metal oxides, especially those 
having a surface area of 100 mVg or less and even 70 m : ,g or less. These 
support components may. in turn, be supported on one or more support 
materials. Titania, and particularly the rutile form of titania. is a preferred 
support component, especially when tire catalyst contains a cobalt catalytic 
component. Titania is a useful component, particularly when employing a slum- 
hydrocarbon synthesis process, ... which higher molecular weight, primarily 
paraffinic liquid hydrocarbon products are desired. 

,0005] In some eases in winch the catalyst composes catalyticallv effective 
, mount s of Co. it will also eompnse one or more components or compounds ol 
members selected from the transition metal g.oups Vila or Vlll of the Periodic 
Table (as defined in F.A C otton, G. Wilkinson Advanced Inorganic Chemistry. 
4- I-d . W.lev. New York. 1980) as a promote, Group VIII Nobel metals are 
particularly suitable. Also, .hen.um. ruthenium, platinum and palladium are 
cpec.alK p.eferrcd A .ombmat.on of ( o and Ru or ( o and Re is often 
()K , c „ed I scful catalysts and then reparation are known and illustrative, but 
nonlimithu. examples may be found, tor example, m I S patents 4.086.2(0: 
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4.492.774. 4.50X.003. 4.003.305: 4.542.122. 4.(01.<)~2 and 5.545.0"! and aic 
incorporated by reference herein 

|()()()6| As these techniques demonstrate, after its initial formation, the 
catalyst undergoes a high-temperature oxidation process. Before the catalyst 
will properly operate in a HCS environment, it must he "activated" by reducing 
the oxidized catalytic metals to then metallic state However, once activated, the 
catalysts are usually highly pyrophoric. Therefore commercially, most catalysts 
are sold after their first high-temperature oxidation, but before activation As 
used herein, these newly formed, oxidized but not yet reduced catalysts are 
referred to as "fresh" catalyst. 

|0007| The HCS catalyst may be used in either a fixed bed, fluid bed or slum 
hydrocarbon synthesis processes for forming hydrocarbons from a synthesis gas 
comprising a mixture of H 2 and CO. These processes are well known and docu- 
mented in the literature. In all of these processes, the synthesis gas is contacted 
with a suitable Fischer-Tropsch type of hydrocarbon synthesis catalyst, at 
reaction conditions effective for die H 2 and CO in the gas to react and form 
hydrocarbons Depending on the process, the catalyst and synthesis reaction 
variables, some of these hydrocarbons will be liquid, some solid (e.g.. wax) and 
some gas at standard room temperature conditions ol temperature and pressure ol 
25 C and one atmosphere, particularly if a catalyst having a catalytic cobalt 
component is used In a fluidized bed hxdrocarbon synthesis process, all ol the 
pioducts arc \apor or gas at the reaction conditions In fixed bed and slum 
processes, the reaction products will comprise Indrocarbons which are both 
liquid and vapot at the icaction conditions 
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|0008| Slum h>d.ocarbon s>nthe>is processes are sometimes preferred, 
because of then superior heat transfer characteristics for the strongly exothermic 
synthesis reaction and because they are able to produce relatively high molecular 
weight, paraffinic hydrocarbons when using a cobalt catalyst. In a slurry hydro- 
carbon synthesis process, a synthesis gas comprising a mixture of H 2 and C O is 
bubbled up as a third phase through a slum in a reactor which comprises a 
particulate l ischer-Tropsch type hydrocarbon synthesis catalyst dispersed and 
suspended in a slurry liquid comprising hydrocarbon products of the synthesis 
reaction which are liquid at the reaction conditions. The mole ratio of the 
hydrogen to the carbon monoxide in the synthesis gas may broadly range from 
about 0.5 to 4. but is more typically within the range of from about 0.7 to 2.75 
and preferably from about 0.7 to 2.5 

|()009| The stoichiometric mole ratio for a Fischei-Tropsch hydrocarbon 
synthesis reaction is approx. 2.0, but it can be increased to obtain the amount of 
hydrogen desired from the synthesis gas for other than the hydrocarbon synthesis 
reaction. In a supported cobalt-catalyzed shiny hydrocarbon synthesis process, 
the mole ratio of the H 2 to CO is typically about 2. 1/1 Reaction conditions 
effective for the va..ous hydrocarbon synthesis processes will vars somewhat, 
depending on the type of process, catalyst composition and desired products 
Typical conditions effective to form hydrocarbons comprising mostK IV 
paraffins, (e.g.. Cs-C 200> and preferably ( „,. paraffins, in a slurry process 
employing a catalyst comprising a supported cobalt component include, for 
example, temperatures, pressures and gas hou.K space veloct.es m the range of 
honi about 15 o_;,2(. c'. 5 5-42.0 bar and 100-40.000 V hr V. expressed as 
standard volumes of the gaseous C O and H : mixture (0 O 1 aim I per hou, pel 
volume of catahst. .cspe.tnck I hese <omli!..m> nommalK apph to the other 
pi ol*cs>cs a > \n ell 
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|0010| Hydrocarbons produced In a hvdroc ihoii >vnthesis process according 
to the pract.ee of the invention are typically up :aded to more valuable product., 
by subjecting all or a portion of the C 5- hydn - ubons lo fractionation and or 
conversion. By conversion is meant one or me-e operations in which the 
molecular structure of at least a portion of the hydrocarbon is changed and 
includes both noncatalytic processing (e.g., steam cracking), and catalytic 
processing (e g . catalytic cracking » in which a -action is contacted with a 
suitable catalyst If hydrogen is present as a reactant. such process steps are 
typically referred to as hydroeonv ersion and iik hide, foi example, hydro- 
isomenzation, hydrocraeking, hydrodevvaxing. v drorefmmg and the more 
severe hydroret.ning referred to as hydrotreatn , . all conducted at conditions 
well known in the lite.ature for hydroconversr u of hvdroearbon feeds, including 
hydrocarbon feeds rah in paraffins Illustrate but nonlimiting examples of 
more valuable pioduds formed by conversion elude one or more of a synthetic 
crude oil. liquid fuel, lefins, solvents, lubnea >ig. industrial or medicinal oil. 
waxy hydrocarbons, nitrogen and oxygen com ning compounds, and the like 
l iquid fuel includes one or more of motor gasoline, diesel fuel, jet fuel, and 
kerosene, while lubricating oil includes, for ex .-.tuple, automotive, jet. turbine 
and metal wo.k.ng o.b Industrial oil include- veil drilling fluids, agricultural 
oils, heat transfer fluids and the like 

|(Mi] 1 1 HCS catalv sts deactivate over time at process conditions Many short- 
term catalyst deactivation processes, believed to be caused by cobalt surface 
oxidation, coking, or exposure to some inhibitors and poisons, such as HC'N. 
Ml,. 01 oxvgenates mav be icversed in a piocess known as rejuvenation 
Rejuvenation is elfected bv contacting the deactivated .atalvst vv,th a reducing 
, iH nt. p.efeiablv In drogen I he act.vitv of the IK'S catalv M m the reactive 
.lurrv is mtermittentlv o, continuouslv Rjuvcnalcd In contacting the slun\ w.th 
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hsdrogen or a hvd.ogen containing gas to form a .atalvM uinuiuinl slm.v 
cithe. in-situ in the HUS reactor or in an external rejuvenation vessel, as is 
disclosed, tor example. ,n U.S. patents 5.260.23V; 5.268.344. 5.288.(U3 and 
5.283.216. 

|0012| I one-term catalyst deactivation is not corrected by rejuvenation 
l ong-term deactivate may he corrected by a far more severe process known as 
regeneration. Currently, regeneration of HC S catalysts occurs outside of the 
HCS process U.S. Patent 4.670.414 teaches an ex siiu regeneration scheme 
winch requires at least two external regeneration vessels following carefully 
controlled temperature and pressure programs 

|0013| Likewise. IIP 0 533 288 Bl teaches an ex situ regeneration scheme 
requiring at least four separate staged processes: the removal of the catalyst and 
process fluids from the process reactor, filtration or other necessary treatments to 
remove process reactants and products, reducing the catalyst in a hydrogen 
atmosphere, transferring the catalyst to a second vessel to expose it to a hydro- 
thermal or oxidative regeneration process, transfer the catalyst to a third vessel, a 
catalyst activation vessel (CAY), for high temperature reduction, re-introducing 
the re-activated, regeneiated cataKst hack into the piocess reactor, and finally, 
restarting the HUS process 

|()014| At a minimum, all current 1 IC S cataK st regeneration processes require 
.elation of the HUS process removal of the cataKst to a separate regeneration 
vessel, t.anste. to a second sepaiate . eactiv at.on I reduction ) vessel before re- 
muoduction to the HUS p.occss These conf.gu.at.ons also .equ.ie a means to 
sateK t.ansport the tughlv pv.ophonc icgenc.ated and , educed .atalvst between 
the reduction vessel and the IK ^ leactor 



SI 'MMARV OF I H i: INV E NTION 

|001 5] I he present invention provides a means and a process tor activation ol 
regenerated 1 ICS catalysts in an in situ HCS process The HCS reactor of the 
process of the current invention applies some form of catalyst rejuvenation 
means, one non-limiting form of such is described in I S patent 5.268,344 
Specifically the present invention relates to a on-going shiny HCS process 
utilizing a supported Cobalt bimetallic catalyst, which allows for continuous or 
semi-continuous removal of the catalyst to a regeneration vessel, which cataly st, 
(nice regenerated, is reactivated by directly re-introducing the regenerated 
catalyst in its oxidized form into the ongoing HCS process, thus requiring no 
separate "on site" catalyst activation vessel. 

[0016] The invention provides for the continuous or semi-continuous, in situ 
regeneration of HCS catalysts The method comprises periodic or continuous 
removal of catalyst from an operating HCS reactor to a icgeneration vessel In 
the regeneration vessel, die catalyst is dien exposed to a regenerative environ- 
ment such as a high temperature ( 300-5(>0°O oxidative treatment Finally, the 
catalyst is returned to the operating HCS reactor also containing catalyst 
rejuvenation means allowing reduction to occur at HCS process temperatures 
which completes the catalyst regeneration. 

B RIF F INSCRIPTION OF THF DRAWIN GS 

|0017| t iguie 1 schematically illustrates a schematic cross-section ot the 
piocess \essels foi the icgeneiation of spent catah st or activation oi pre- 
acmatcd. passnated tiesh catalyst 



SI F-nldl - s - 

|0(M8| I i li arc - denionstnites the late-run rclamc activity ol a "fresh" calaKst 
activated in a high-temperature reduction 

|()019| Figure 3 demonstrates the relative catalytic activity of a fresh late-run 
5 catalyst reduced in a low-temperature environment. 

|(M>20| Figure 4 demonstrates the effect on catalyst activity of subsequent 
low-temperature reductions after a "fresh" catalyst has undergone one high- 
temperature reduction 
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1)1 1 All. F.I) DESC RIPTION 

[0021) With respect to the hydrocarbon synthesis, fixed bed. fluid bed and 
slurry hydrocarbon synthesis (HC'S) processes for forming hydrocarbons from a 
syngas comprising a mixture of H 2 and CO are well known and documented in 
the literature. In all of these processes the syngas is reacted in the presence ol a 
suitable Fischer-Tropsch hydrocarbon synthesis catalyst, at reaction conditions 
effective to form hydrocarbons. Some of these hydrocarbons will be liquid, 
some solid (e.g.. wax) and some gas at ambient temperature conditions and 
pressure (25 C and one atmosphere), particularly if a catalyst having a catalytic 
cobalt component is used. 

|0022| Slum HCS processes are often preferred because of their superior 
heat and mass iranslei ehaiacteristic.s for the stiongly exothermic synthesis 
icaction and because they aie able to produce iclatncly high moieculai \seight. 
paratfimc hydrocarbons when using a cobalt catalyst In a slurry IK'S pioccss a 
syngas comprising a niiUuie of 11; and O ) is bubbled up as a thud phase 
iluough a shun m a icactoi \shich ^■mpn>es a paniculate I lscher- I lopsch type 
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Indiocarbon synthesis catalyst dispersed and suspended in a dun\ liquid 
comprising hydrocarbon products of the synthesis reaction which are liquid at 
the reaction conditions. 

|0023j In the cobalt-catalyzed shiny HCS process, the mole ratio of the 
hydrogen to the carbon monoxide may broadly range from about 0.5 to 4. but is 
more typically within the range of from about 0.7 to 2.75 and preferably from 
about 0.7 to 2.5. The stoichiometric mole ratio for a slurry Fischer- Tropsch 
HCS process is approximately 2. 1/1. but in the practice of the present invention 
it may be increased to obtain the amount of hydrogen desired from the syngas lor 
other than the HCS reaction. 

|0024| Slurry HCS process conditions vary somewhat depending on the 
catalyst and desired products. Typical conditions effective to form hydrocaibons 
comprising mostly C M paraffins, (e.g., C 5 +-C 2 ooJ ;md preferably C, t( . paraffins, 
in a slurry HCS process employing a catalyst comprising a supported cobalt 
component include, for example, temperatures, pressures and hourly gas space 
velocities in the range of from about 150-32O°C. 5.5-42.0 bar and 100-40.000 
V hr, V. expressed as standard volumes of the gaseous CO and H 2 mixture (0 C. 
1 atm) per hour per volume of catalyst, respectively 

[0025) f igure 1 details one possible embodiment of the process for the in situ 
reactivation of a regenerated catalyst. Regenerated, but not vet re-activated, 
catalvst (15) may be introduced into an operating HCS reactor ( I ) Am 
combination of a fresh, activated catalyst, a pre-acti\ ated. passi\ ated catalvst oi a 
short-term or a long-term deactnated catalyst may already be present m the HCS 
icactoi I 1 ). The HCS icactoi ( 1 ) receives syngas thiough the inlet line (3i and 
u leases liquid iiNdio.aihoiis thiough the outlet line oC and gaseous Indnvaihon 
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and unreactcd syngas through the offgas line (2 i The IKS leaetor « 1 ) should 
employ at least one catalyst rejuvenation unit (14). which is ted with a catalyst 
rejuvenating fluid (12) Catalyst within the IK S reactor ( 1 . may freely enter and 
exit the catalyst rejuvenation unit ( 14). 

s 

1 0026 1 Catalyst is removed from the 1 ICS reactor ( 1 ) through the slipstream 
line (5). This line feeds to filtration unit (6) which is ted with a stripping fluid 
(7) if necessary. Spent sn ipping fluid and stripped byproducts are removed H orn 
the filtration unit (6) through the filtration unit outlet line (8). The filtered 
u catalyst proceeds to the regeneration unit (9) which is ted a regenerative fluid 
( 10). The regenerated catalyst is returned to the HCS reactor ( 1 ) through the 
catalyst return line (1 1) wherein it is reactivated. 

[0027] Many embodiments of the present invention are possible The 
s applicant provides numerous embodiments, none of which are meant to hunt the 
invention in am way. hi one embodiment, the filtration unit (6) is an H 2 
stripping unit. The regeneration unit (9) employs oxidative treatments at above 
300°C. In another embodiment, the slipstream line (5) and the catalyst return 
line (11) are the same line 
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In another embodiment, the invention comprises the steps of 

1 removing a portion of a hydrocarbon synthesis catalyst from an 
operating HCS process which max contain catalvst rejuvenation 
means. 

: KinoMiig the icactants and pioducts of the pioccss from the catalvst. 
c\p t ^im' the ,..lal\si to a i csjenci ation cm uonment. and 
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A icintroducing the catalyst into the IK'S process cn\ uonment toi 
catalyst reduction 

|(M)29| It is well known that standard catalyst rejuvenation techniques 
successfully reveise short-term deactivation inechanisnis such as fouling, coking 
and carbon formation. Standard means of catalyst rejuvenation are accomplished 
by exposing the catalyst to any metal reducing substance, in the HCS process ot 
the present invention it is preferably accomplished by exposing the catalyst to a 
full or partial H 2 stream in an area of lessened HCS process activity. Rejuvena- 
tion, however, does not reverse long-term deactivation mechanisms. One 
significant advantage of rejuvenation is that it may be employed m situ at reactor 
conditions, thus allowing for extended catalyst use in a continuous process 
environment 

|0030| Catalyst regeneration to reverse long-term deactivation requires 
conditions not found in a standard HCS analytic process environment Because 
of this, catalyst regeneration has not been successfully integrated into a 
continuous or semi-continuous m situ HCS catalytic process environment 1 he 
present invention s discovery of low temperature reduction following the 
catalytic regeneration process allows for continuous or semi-continuous catalytic 
process. 

1 003 1 1 | n the past, catalyst would be iegenerated by removing the catalyst 
bom the process ieaetor. transferring it to a fust vessel for high temperature 
i ;o()-N>(i (') oxidation, then tiansferring it to a second vessel, a ( ataKst Actua- 
tion Vessel, foi high icmpeiature t ^ O .edition and fmalK returning the 
..atalvst 10 the h\dioeaibon s >n thesis piocess icactoi I he object of the pie-enl 
invention is 10 sinipliK this pnvess b\ eliminating the high tetnpeiatuie 
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reduction step, therein allowing ;i continuous 01 semi-continuous icgencration 
with catalyst reactivation (reduction) directly by the IK'S fluids 

1 0032 1 In another embodiment, the current invention relates to a \ ischer- 
Tropsch process using a Co-Re TiCH catalyst. Once actu ated, a spent catalyst 
mav be oxidized and then be essentially fully reduced at the operating tempera- 
ture of the Fischer- Tropsch slurry unit completing the catalyst regeneration The 
catalyst need not be processed through a separate catalyst activation vessel to re- 
reduce it after oxidation Instead, it may be re-reduced and fully activated in the 
i<» slum' unit containing rejuvenation means, fins allows for a continuous or semi- 
continuous process flow scheme where some of the catalyst is periodically or 
continuously removed from an operating HCS slurry reactor, treated in a 
regenerative environment and then directly returned to the operating slurry unit 

is 1 0033 1 The process of the present invention is furthei described by wa\ oi the 
following illustrative examples which are not intended to limit the scope oi the 
invention in any manner whatsoever 

Fxample 1 
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[0034| "I iesh" Co-Re catalyst on a I i( >2 suppoit was activated and placed m 
a Fischer-Tropseh reactor Two samples were removed an earK-run sample, 
which was removed a few days after the reactor was in operation, and a late-run 
sample which was Tennwed \er\ late in the run cycle bach sample was 
icnuned to a dry box and the wax extiacted with hot toluene under inert 
conditions 
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[0035| Each .sample was divided into two portions. The fust portion of eaeh 
sample was duecth tiansfened under inert eondition into a ehemisorption unit 
and the JC chemisoiptions, a standard measure of catalytic activitx, were 
measured by a dual isotherm technique. This technique is described by C H 
Bartholomew in "tf .Adsorption on Supported Noble Metals and its I se in 
Determining Metal Dispersion", Catalysis , Vol. 1 1, pp. 93-126 ( 1994) CODLiN 
CATADK ISSN:014U-0568, CAN 123:06509 AN 1995:530025 CAPLCS The 
second portion oi each sample uas icgencratcd m a high lempeiature CM) O 
oxidative (an) environment, and then reduced in the presence of I C at 225 l X\ 
The second portion of each sample was then transfeiTed under inert condition 
into a ehemisorption unit and the IE chemisoiptions were measured by a dual 
isotherm technique, fable 1 illustrates die ehemisorption results. 



TABLE 1 

°o Strong H ehemisorption values (HCo) alter reduction at 225°C 
Combined and back sorption isotherms measured at 40°C 



After Wax After regeneration 
Sample ; Extraction '_ with air at 350°C 



Earlv-run - inertlv wax extracted 3 75 4 .47 



l ate-run - inertlv wax extracted 101 4. 12 



|()()36] The first column of Table 1 show s far higher 11 ehemisorption values 
for the non-regenerated early-run catalyst as compared to non-regenerated late- 
run catalyst. This indicates that the early-run catalyst was rejuvenated under 
reduction conditions present in the 225 X 11 ehemisorption But, as expected, 
the late-run catalvst was not re]u\enated due to long-term deactivation 
mechanisms that are not icversed by hydrogen treatment fresh catalvst. 
measured aftei a 3"^ ( ' IE reduction and a 1 Ml ( ' an oxidation ha\e a 1 1 
Jieini^oi ption value of appi 0x1 match ; " to 4 1 
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[0037 1 As the second column oi Table 1 demonstrates, late-run catalyst 
activity increased significantly after regeneration by high temperature oxidation 
followed by low temperature reduction demonstrating that the current invention's 
regeneration/;/; situ (low, HCS temperature) reactivation process successfully 
re\ersed the majority of long-term deactivation effects The oxidative regenera- 
tion followed b\ a low tempeiature lh treatment restores almost all (within 
10%) of the catalytically active sites as are present in the tiesh catalyst. Abo as 
expected, the early-run catahst showed small H chemisoi ption increases after 
high temperature oxidative regeneration as the majority of acuvitv loss was due 
to short-term deactivation effects. 



E XAMPLE 2 

10038] A "fresh" (non-activated) catalyst was reduced (activated) in a 
hydrogen atmosphere at high temperature conditions (1200 kPa. 400°C for 8 
hours). The catalyst was then placed in a Fischer-Tropsch synthesis reactor 
operated at 200°C 20.25 bar with a 2. 1 H 2 /CO ratio The activity of the catalyst 
was determined by measuring the catalyst productivity (moles of CO 
convened volume of catalyst), adjusted for differences in reaction conditions 
using a kinetic model similar to those found in W. 1) Deckvver. "Kinetic Studies 
of Fischer- Tropsch Synthesis on Suspended I e K Catalyst - Rate Inhibition b\ 
CO : and H 2 0 .". IndJ /ju^niy.OlJZB^^J^cy,. Vol - 5 - PP "43-549 ( 1086). 
Relative activity levels for this catalyst are reported in Figure 2. The activity 
level foi this "fresh", high-temperature reduced catalyst averaged slightly less 
than 12 0 as expected 
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FXAMPFF 3 

1 0039] The same experiment as in Fxample 2 was conducted except that the 
initial hvdrogen reduction ol the "fresh" catalyst was conducted at lovv- 

5 temperature rejuvenation conditions (220°C\ 2000kPa for 12 hours). As in 

example two, the catalyst was placed in a I ischer- Tropsch reactor (at the same 
operating conditions) and the relative activity was measured I he relative 
activities for this catalyst are reported in f igure 3 The relative activity tor this 
catalyst ranged between 5.0 and 5.5. These results clearly demonstrate that a 

io low -temperature reduction of a "fresh" catalyst did not actuate the catalyst to 
acceptable HC S activity levels. 



Example 4 

|0040] A sample of catalyst prepared in the same manner as that in example 2 
was inertly extracted from an operating Fischer-Tropsch reactor early in the 
reactor's run This sample was loaded into a fixed bed reactor operating at the 
same Fischer-Tropsch conditions as in example 2 After approximately four 
days, the catalyst was stripped of wax under a \ \ 2 How, and then oxidized w ith a 
l°u O in nitrogen gas mixture at 20 atmospheres Following this regeneration 
procedure, the catalyst was reduced at 200 ( for 12 hours at 20 25 bar of H 2 
pressure, the Fischer -Tropsch reaction continued After Approximately 5.5 days, 
a similar wax stripping treatment was performed, the catalyst was regenerated in 
the same manner, but was re-reduced at 400 ( for S hours under 12 atmospheres 
of 11- pressure The relati\e activity values aie shown in Figure 4 

1 0041 | Figure 4 shows that the activity starts at a relative activity unit ot 
appioximatcK (i and. as expected. slowl\ decreases with tune Attei a 

u ivnciation at ; n ' < and a reduction at 2 2* 1 < the actiMtx itk kmh^ again h* 
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appi»>\imalel\ !<' A Lomparison between the ellccU\ene>s ol the latei 
regeneration piocess using low temperature re-reduction and high temperature 
re-rcduction (at 400 ( ) demonstrates that the activity does not change relative to 
the reduction temperature once the catalyst is reduced and oxidized at least once 

1 0042 ] This demonstrates that following a catalyst's first high-temperature 
reduction, any subsequent reduction may be a low temperatuie leduction and 
still restore the catalyst to full activity. This invention eliminates the need for 
transferring the catalyst to a separate reduction vessel for activation alter 
regeneration, f urther, this invention allows for a continuous, in situ 
regeneration'ie-activation process, eliminating the previous requirement to 
interrupt the HCS process. 



